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(Yu-ichi Ozaki and Tateaki Sasaki)
Abstract. - $F(x)$ Go $(x),$ $H_{0}(x)$ $F(x)=G_{0}(x)H_{0}(x)+$
$\delta F_{0}(x)$ , $||\delta F0(X)||\ll||F(x)||$ $F(x)=G_{1}(X)H1(xarrow)+$








- $F(x)$ $G_{0}(x),$ $H_{0}(x)$ $F(x)=G_{0}(x)H_{0}(x)+\delta F_{0}(x)$ ,
$||\delta F_{0}(X)||\ll||F(x)||$ $F(x)=G_{1}(x)H_{1}(x)+\delta F_{1}(x)$ , $||\delta F_{1}(X)||$
$\ll||\delta F_{\mathrm{o}(X)}||$ $G_{1}(x),$ $H_{1}(x)$ (factor sepa-









[ ] $P$ $P$
$||P||$
[ (regular polynomial)] $P$ $1\mathrm{c}(P)$ $|1\mathrm{c}(P)|\simeq||P||$
$P$




$O$ $P$ $Q$ $||PQ||\ll O(||P||-||Q||)$




[ (approximate square-free decomposition)] 1.
$P(x)$ $\epsilon$ $P(x)$
$\epsilon$
$P(x)=Q_{1}(x)Q_{2}2(x)\cdots Q_{l}l(X)+\delta P(x)$ $||\delta P(X)||\leq\epsilon$ (1)





$F(x)=G(x)H(x)$ 1 $F(x)$ $G(x)$ $H(x)$
$G_{0}(x)(\simeq G(x))$ $H_{0}(x)(\simeq H(x))$
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$G_{1}(x)$ $H_{1}(x)$ $G_{0}(X)$ $H_{0}(x)$
$G=G_{0+\delta}G$ , $H=H_{0}+\delta H$
(2)




$=\delta HG_{\mathit{0}+}\delta cH\mathit{0}+\delta G\delta H$ (3)
$||\delta F||=O(\epsilon)$ , $.||\delta G\delta H||=O(\epsilon^{2})$ $u$ $v$
$\delta G$ $\delta H$ $O(\epsilon^{2})$
$\delta F=uc_{\mathit{0}}+vH_{0}$ (4)
(4) $u$ $v$ – – $G_{0}$ $H_{0}$
Euclid $G_{0}$ $H_{0}$
$G$ $H$ – $\deg(\delta F)<\deg(ciHi)$
(4) $u$ I –








$G_{i},$ $H_{i}$ $G,$ $H$
$\delta G_{i}=G-G_{i},$ $\delta H_{i}=H-H_{i}$
$\delta F_{i}=cH-G_{ii}H$
$=\delta H_{i}G_{i}+\delta GiHi+\delta c_{i}\delta H_{i}$ (6)
=uiGi+vi $i+1$ $\delta G_{i+1}=\delta G_{i}-v_{i},$ $\delta H_{i+1}=$
$\delta H_{i}-u_{i}$ $i$ $i+1$
$-\delta Gi\delta Hi=\delta HiGi+\delta GiHi-\delta F_{i}$
$=(\delta H_{i^{-u}}i)G_{i}+(\delta Gi^{-}vi)Hi$
$=\delta Hi+1Gi+\delta ci+1Hi$ (7)
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$A_{j}$ $B_{j}$ $P_{j}$ nlax$(||A_{j}||, ||B_{j}||)=1$
$G_{i}$ $H_{i}$ $k_{i}$ $\deg(P_{k_{i}}.)=0$
$\delta G_{i}\delta H_{i}$ $G_{i}$ $H_{i}$
$\delta G_{i}\delta H_{i}=(\delta G_{ii}\delta HA_{k}i/P_{k_{i}})G_{i}+(\delta G_{i}\delta HiBk_{i}/P_{k_{i}})H_{i}$ (9)
$\deg(\delta ci+1)<\deg(G_{i}),$ $\deg(\delta H_{i+1})<\deg(H_{i})$ Euclid –
$\delta G_{i+1}=\mathrm{r}\mathrm{e}\mathrm{n}1(-\delta c_{i}\delta HiBk_{i}/P_{k}\dot{.}, G_{i})$, $\delta H_{i+1}=\mathrm{r}\mathrm{e}\mathrm{n}1(-\delta Gi\delta HiA_{k}i/P_{k_{i}}, H_{i})$ (10)
$\max(||A_{k_{i}}||.’||B_{k_{i}}||)$
.
$=1$ $||\delta G_{i+}1||$ $||\delta\dot{H}_{i+}1||$
nuax$(||\delta G_{i}+1||, ||\delta H_{i}+1||)\leq C||\delta ci||||\delta H_{i}||/|P_{k_{i}}|$ (11)
$C$ $F$ $G$ $||\delta G_{i+1}||<||\delta G_{i}||$
$\frac{||\delta G_{i+1}||}{||\delta G_{i}||}\leq\frac{C||\delta G_{i}||||\delta H_{i}||/|P_{k_{i}}|}{||\delta G_{i}||}$
$=C||\delta H_{i}||/|P_{k_{i}}|<1$ (12)
$||\delta H_{i+}1||$
$i$ $C||\delta G_{i}||<|P_{k_{i}}|$ $C||\delta H_{i}||<|P_{k_{i}}|$
$G_{i},$ $H_{i}$ $(i=1,2, \cdots)$ $G,$ $H$
$C$ (11)
.







$G$ $H$ $G_{i}\simeq G,$ $H_{i}\simeq H$ $G_{i}$ $H_{i}$
$A,$ $B$ $P_{k}$ $(=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{S}\mathrm{t}.)$
. $AG+BH=Pk-$ (14)
$\deg(A)<\deg(H),$ $\deg(B)<\deg(G)$ nlax$(||A||, ||B||)=1$
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$P_{k_{i}}\simeq P_{k}$





$G_{i}\text{ }H_{i}$ (6) $||\delta F_{i}||\simeq \mathrm{n}\mathrm{l}\mathrm{a}\mathrm{x}(||\delta G_{i}||, ||\delta H_{i}||)$
$G_{i}$
$|P_{k_{i}}|\ll 1$ (6) $\delta H_{i}G_{i}$ $\delta G_{i}H_{i}$ $||\delta F_{i}||\simeq$
$|P_{k_{i}}| \cross\max(||\delta G_{i}||, ||\delta H_{i}||)$ $G_{i}$ $H_{i}$ $\epsilon_{M}/|P_{k_{i}}|$
















. $P(x)=Q_{1}(x)Q_{2}2(_{X})\cdots Q^{\iota}l(x)+\delta P(X)$ $||\delta P(x)||\leq O(\delta^{2})$
$Q_{1}(x),$
$\ldots,$
$Q_{l}(X)$ $Q_{i}^{i}(x)(i=1, \ldots, l)$ $\delta$
$i$
$Q_{i}(x)$
$\delta$ Durand-Kerner $Q_{i}$ (
$u_{i,j}(j=1, \ldots, m_{i})$
$u_{i.j}$ $P(x)$ $i$ $(x-u_{i,j})^{i}$




32. ..: . . $\cdot$
$(-1,1)$ 15 $a_{1},$ $\ldots,$ $a_{15}$ 15
$P(x)$
$P=(x-a_{1})(x-a2.)\cdots(x-a_{15})$
$a_{1}=0.906978$ , $a_{6}=0.075609$ , $a_{11}=-0.517318$ ,
$a_{2}=0.738607$ , $a_{7}=-0.\cdot 091147$ , $a_{12}=$ -0.552766,
$a_{3}=0.640075$ , $a_{8}=-0.332034$ , $a_{13}=$ -0.784881, (16)
$a_{4}=0.506494$ , $a_{9}=-0.335729$ , $a_{14}=-0.92664$ ,




















$a_{1}=0.580397$ , $a_{6}=0.090934$ , $a_{11}=-0.68825$ ,
$a_{2}=0.514122$ , $a_{7}=$ -0.163329, $a_{12}=-0.703934$ ,
$a_{3}=0.496965$ , $a_{8}=$ -0.190935, $a_{13}=-0.733996$ , (17)
$a_{4}=0.399967$ , $a_{9}=-0.451888$ , $a_{14}=-0.74046$ ,





$1.0\cross 10^{-}13$ 8 $G_{8}$
$G_{8}=x^{3}+2.1783899989548x^{2}+1.5814143865241_{X}+0.38258438220795$
$||P-G_{8}H_{8}||=4.6629367034257$ $\cross 10^{-14}$










[8] Durand-Kerner 2 $i$





$x_{1}--1.0+6.9892417174226i\cross 10^{-26}$ $4.5687730195968\cross 10^{-17}$
$x_{2}=0.49999999943258-0.0000000024690493548955i$ 0.000000068625370507708
$x_{3}=0.49999999768121+0.000000\mathrm{o}\mathrm{o}13138319584329i$ 0.00000005881663943024
$x_{4}=0.2+1.8772219940818i\cross 10^{-24}$ . $1.36161454799\cross 10^{-16}$.
$x_{5}=0.09999909626683$ – 0.$00000042006060745357i$ 0.0000079238384679933
$x_{6}=0.100000812092505-0.000000577378657\dot{1}1055i$ 0.0000088086156664535
$x_{7}=$ $0.100000111696375+0.00000100099111736021i$ 0.0000069488669111646
$x_{8}=-0.1-3.4117107627346i\cross 10^{-25}$ 49513242866064 $\cross 10^{-17}$
$x_{9}=-0.3+1.2721150119997i\cross 10^{-24}$ $3.6927706438334\cross 10^{-16}$
$x_{10}=-0.6+2.6459097352384i\cross 10^{-23}$ 13442407502748 $\cross 10^{-14}$
$x_{11}=-0.7+1.2489317923373i\cross 10^{-23}$ 72517218753707 $\cross 10^{-15}$
$x_{12}=-1.0-1.260411171906i\cross 10^{-24}$ $1.00631954131092\cross 10^{-15}$
$\epsilon_{M}\simeq 2.2\cross 10^{-}16$ $x_{2},$ $x_{3}$ $x_{5},$ $x_{6},$ $x_{7}$ (
$x_{1\mathit{0}}$ $x_{11}$ ) $\sqrt{\epsilon_{M}}\simeq 1.5\cross 10^{-8},\sqrt[3]{\epsilon_{M}}$
$\simeq 6\cross 10^{-6}$






$c_{\mathit{0}}$ $H_{0}$ 2 $G_{2}$
$G_{2}=x^{3}-(0.3-8.3550577182807i\cross 10^{-17})x^{2}+(0.03-1.6709986603181i\cross 10^{-17})x$
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